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HETEROPOLY COMPOUNDS AND USE IN AROMATIC ALKYLATION 

Cross Referpnre to Rel '* 0 * application 

This is a continuation-in-part of. copending U.S. S.N. 
156,178, filed November 19, 1993. 

FIELD OF THE INVENTION 

Various catalysts have been used to alkylate phenols with 
olefins. Traditionally, such alkylation reactions were carried out at 
atmospheric pressure with the reactants and catalyst in the liquid 
phase, referred to as -homogeneous catalysis", utilizing catalysts 
such as sulfuric acid, boron tri fluoride, and aluminum chloride. 
Alkylation of phenols with olefins of up to 500,000 number average 
molecular weight have been disclosed, such as in U.S. Patent No. 
4,735,582, and EP Publication 440,507 A2. The drawback of homogeneous 
catalysis, of course, is the difficulty and expense in removing the 
catalyst from the liquid product. In addition, the toxic and 
corrosive nature of the strong acid catalysts mentioned above presents 
environmental and operational problems. 

12-tungstophosphorlc acid (H 3 PWi 2 0 4 o; HPW) has been shown to 
be an effective catalyst In aromatic alkylates, capable for example 
of alkylating phenol with olefinic polymers to produce Important alkyl 
phenol intermediates. HPW is very soluble in water (approximately 
Zgm HPH/gm H 2 0 at room temperature) and in other polar solvents. Even 
supported HPW will solubilize. Although phenol is substantially less 
polar than water, it will solubilize some HPW (12-tungstophosphonc 
acid) at temperatures (130-170-C) used to alkylate phenol and olefins 
This limits the utility of the acid because it is consumed in a short 
time and contaminates the product. HPW has an approximate solubility 
of 0.3-1.0% in phenol at 170'C. The cesium and ammonium salts or add 
salts of HPW are negligibly soluble in water at room temperature and 
phenol at reaction temperatures. However, these salts, when prepared 
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by techniques known in the prior art, form subraicron (100A) water- 
insoluble particles which produce large pressure drops when used in 
fixed bed applications. Furthermore by virtue of their insolubility, 
they cannot be deposited in the interior of porous supports by simply 
dissolving them in solution and impregnating; the classical prior art 
technique. It is readily apparent to those skilled in the art that, 
if the insoluble precipitates are produced outside of the support 
particle, they will form only a coating of the salt on the outer 
surface of support particles, especially large extrudates since the 
particle size of the precipitate particle exceeds that of the pore 
diameter of the support material. The technique suffers from problems 
associated with attrition and adherence of the outer coating. What is 
needed in the art is a way of supporting the heteropoly salts or 
acid-salts deposited in the interior of porous large particle 
carriers. 

SUMMARY OF THE INVENTION . 

The present invention relates to a catalyst composition, 1ts : 
methods of preparation and Its use in aromatic alkylation processes. 
The present Invention relates to a novel catalyst composition compris-. 
ing a heteropoly compound selected from the group consisting of 
heteropoly salts and heteropolyacid salts deposited in the interior of 
a porous support selected from the group consisting of silica, 
titanla, and zlrconia, wherein said salt of said heteropoly salt and 
said heteropolyacid salt is selected from the group consisting of 
anmonium, cesium, potassium, and rubidium salts and mixtures thereof, 
and wherein said heteropoly salt and said heteropolyacid salt are 
formed with a heteropolyacid selected from the group consisting of 
12-tungstophosphoric, 12-tungstosilicic, 12-molybdophosphoric, and 
12-molybdosilicic acid. 

The invention is further directed to the method of preparing 
catalyst compositions comprising the steps of: 
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(a) impregnating a soluble precursor into a support selected 
from the group consisting of silica, tHanla, and zirconia, wherein 
said soluble precursor 1s selected from the group consisting of a 
heteropolyadd, the 100-250 # C hydrothermal react 1 or product of 
ammonium metatungstate with ammonium phosphate dibasic, the 150*C 
hydrothermal reaction product of ammonium molybdate with ammonium 
phosphate dibasic, a solution of a mixture of urea and a hetero- 
polyadd, a water soluble cesium salt, a water soluble Rb salt, and a 
water soluble K salt, wherein said heteropolyacids are selected from 
the group consisting of 12-tungstophosphoric acid, l2*tungstosi11cic 
add, 12-molybdophosphoric acid and 12-molybdosilicic acid; 

(b) drying said silica support having said soluble precursor 
impregnated therein at about 90 to about 130*C; 

(c) thermally treating said dried support at about 200 to 
about 35CTC wherein when said soluble precursor is a heteropolyadd, a 
source of ammonia gas is passed over the dried support at a 
temperature of about 100-15CTC followed by thermal treatment; 

(d) impregnating said thermally treated support with a 
heteropolyadd when said soluble precursor selected from the group 
consisting of a water soluble cesium, rubidium and potassium salt 
followed by drying at about 90 to about 150* C and calcination at about 
200 to about 350*C and wherein said heteropolyadd Is selected from 
the group of heteropolyacids of step (a) resulting in the deposition 
of the salt or acid-salt in the interior of the porous support. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the x-ray diffraction spectra of bulk and 
silica supported ammonium salts of 12-tungstophosphoric acid. The x 
axis is two theta (degrees) and the y axis is relative intensity. 
Lines A, B, C, D, and E depict bulk 12-tungstophosphoric acid, bulk 
(NH4)3- x H x PVi204o, 24.3% (NH4)3- x H x PWi2/Si02 prepared via a reaction 
of H3PW12O40.6H2O and NH3 gas, 24.3%(NH4)3- x H x J»Wi2/Si02 prepared via 
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an autoclave preparation, and 40% (NH4)3-xH x PWi2/Si0 2 prepared via 
Impregnation and calcination of an urea and 12-tungstophosphoric acid 
solution, respectively, wherein x is equal to or less than 0.5. The 
silica in all of the preparations has a surface area of 270m2/g. 

Figure 2 shows the x-ray diffraction spectra of bulk and 
silica supported cesium acid salts of 12-tungstophosphoric acid. The 
x axis is two theta (degrees) and the y axis relative intensity. 
Lines A, B, and C depict bulk 12-tungstophosphoric acid, bulk 
CS2.5H.5PW12O40 and 40% Cs 2 .5H.5PHl2040/Si02 prepared by sequential 
impregnation and in situ reaction. 

/ Figure 3, views A, B, C, and D, shows that the cesium 
catalysts of the Instant invention form what is referred to 1n the art 
as. an egg white catalyst. The pictures are of a cross -sectional view 
of a cesium acid salt catalyst prepared in accordance with the instant 
Invention. 



DETAILED DESCRIPTION OF THF INVENTION 

Heteropoly acids form by condensation of two or more 
oxyaclds, e.g., phosphoric or silicic add with tungstic acid, and 
contain large polyoxometallate anions with interstitial hydrated 
protons and variable levels of water of hydration. The heteropoly 
adds are soluble in water or polar oxygenated hydrocarbons, such as 
alcohols or ethers. The particular heteropoly acids of the present 
catalysts contain anions adopting the well known Keggin structure and 
are represented by formulas: H3PW12O40.6H2O (phosphotungstic acid also 
referred to as 12-tungstophosphoric acid. H4SiWi2040.6H 2 0 
(12-tungstosilicic acid or silicotungstic acid), H3PMoi2040-6H 2 0 
(12-raolybdophosphor1c,acid), and .H4SiMoi 2 040-6H20 (12-roolybdosil iclc 
acid). They contain e.g., a central tetrahedral PO4 or SIO4 group 
connected to 12 surrounding W06 octahedra and can be considered e.g., 
the condensation product of phosphoric acid with tungstic acid or 
phosphoric acid with silicic acid, etc. 
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Although such water soluble heteropoly acids can be readily 
deposited on supports by Impregnation techniques, their Cs, NH4, K and 
Rb salt counterparts are water insoluble and current means for Impreg- 
nating them onto supports or into the interior of the porous supports 
are unknown. The current Invention describes a way of preparing 
support catalyst wherein such insoluble salts or acid salts are 
deposited in the Interior of porous supports. 

The instant invention encompasses both heteropoly salts and 
heteropolyacid salts. During the preparation of the catalysts, a 
heteropolyacid is employed and in situ formation of the salt or acid 
salt occurs. In the instant invention at least 1.5 protons of the 
acid will be exchanged and up to three protons may be exchanged with 
the designated cations for heteropoly acids containing 3 protons. If 
less than three protons are exchanged the acid salt will be formed, If 
all (3) of the protons are exchanged, the salt will be formed. For 
cesium catalysts, exchange of 2.5 protons Is preferred. For 
heteropolyaclds containing 4 protons, at least 2.5 protons of the acid 
will be exchanged and up to 4 protons may be exchanged. If all 4 are 
exchanged, the salt results. If 2.5 to 3.9 protons are exchanged, the 
acid salt results. 

The preferred support utilized in the present Invention is a 
high surface area porous silica support. Such supports are 
commercially available or nay be prepared by well known techniques. 
Preferably the support will be thermally treated prior to use. For 
example, the silica maybe calcined at about 500'C. The silica 
support utilized will be one preferably useable for fixed-bed 
reactions. Therefore, it is preferable that the silica be present in 
the form of extrudates although other forms are possible. 
Additionally the instant catalysts can be used in fluidized bed 
systems. Hence, the particle size of the support can range from 
0.1mm powder to 1/8" x 1/2' extrudates and 1 to 3mm diameter spheres. 
Other supports utilizable are supports that will allow the heteropoly 
salt or acid salt to retain its structure as micro crystallites within 
the pore structure of the porous support, e.g., Zr02 and T102. 
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The salts . of the Invention have the general formula 
H3- x M x PQl2O40 where x - 3, M - K, Cs, Rb and H4- x MxS1Ql2°40 where 
x » 4, M « Cs, K, Rb, NH4. Q » tungsten or molybdenum in each of the 
above formulas. The acid salts have the same general formulas except 
that x - 1.5 to 2.9 Inclusive and 2.5 to 3.9 inclusive, respectively. 

As used in the instant invention, the heteropoly acids are 
converted to their corresponding salts or acid salts. Suitable salts 
Include the salts of, ammonium, cesium, potassium, rubidium and mix- 
tures thereof with ammonium and cesium being preferred. The salt 
cations substitute for from 1.5 to 2.9 of the protons of the 
heteropoly acid in a heteropoly acid containing three hydrogens. For 
example: ... 

H3PW12O40.6H2P » (H502)+3PW12O40 
can be exchanged with ammonium to the salt 

(NH 4 )3PWi2040 
or acid salt. Representative of two acid salts are 

(NH4)2.5H.5PMl2O40 or (NH4)2HPWi2040 

The amount of heteropoly acid salt or heteropolysalt incor- 
porated onto the silica support will range from 2 to 60 wt%, pre- 
ferably 10 to 40 wtX. 

The catalysts of the present invention are prepared by 
impregnating a water soluble precursor into the interior of a porous 
...support such as porous silica and then converting the precursor 
in situ into the desired heteropoly acid salt or heteropoly salt. The 
soluble precursors include a heteropolyacid, a mixture of urea and a 
heteropolyacid, a water soluble cesium, rubidium or potassium salt, 
and the 100 to 250*C hydrothermal reaction product of ammonium 
metatungstate or ammonium raolybdate with ammonium phosphate dibasic. 
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The impregnated supports are then dried at 90 to about 130 followed by 
calcination at about 200 to about 350*C. When the soluble precursor 
is a heteropolyacid, the Impregnated support Is contacted with ammonia 
during the drying step. In the case of a soluble cesium, rubidium or 
potassium salt as the soluble precursor, following drying and 
calcination the Impregnated support Is reimpregnated with a hetero- 
polyacid and the drying and calcination steps are repeated. Thus, the 
desired heteropoly salt or heteropolyacid salt 1s formed 1n situ in 
the Interior of the porous support. 

In the case of cesium containing catalysts, the cesium acid 
salt is present in a zone remote from both the center and the external 
surface of the support, which can be described as a catalytically 
active ring of about 10 to about 20 microns thick present within the 
interior of the support. Such a catalyst 1s referred to in the art as 
an egg white catalyst (see 'Theory of Preparation of Supported 
Catalysts," Neimark, et al., Ind. Erig: Chem. Prod. Res. Dev. 1981, 20, 
439-450). Refer to figure 3. 

Specifically, Incorporation of the ammonium heteropoly add 
salt onto a silica support can be achieved In the following ways. The 
desired heteropoly acid may first be Incorporated onto the silica 
support by well known techniques. The supported heteropoly acid Is 
then treated with a gaseous mixture of ammonium in nitrogen for a time 
and at a space velocity sufficient to titrate substantially all of the 
protons of the heteropoly acid with NH3. For example a 5% NH3/N2 
gaseous mixture treatment at 150*C can be used. Such treatment 
criteria are readily determinable. 

Secondly, it has been found that a soluble precursor can be 
formed by hydrothermally reacting ammonium tnetatungstate and ammonium 
phosphate dibasic in a 12H/1P (12 tungsten/1 phosphorus) molar ratio. 
The materials are dissolved in water and heated 1n an autoclave to 
150*C overnight followed by impregnation onto silica. Subsequent 
drying and calcination then form the heteropolysalt desired. 
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Alternatively, urea may be added to HPW (12-tungstophos- 
phoric acid) in a mole ratio of urea to HPW of 0.5 to 2/1 and impreg- 
nated onto silica, followed by calcination at 400*C. 

Cesium catalysts may be prepared via sequential impregnation 
techniques and in situ reaction. Such techniques involve first 
reacting soluble cesiun salt onto, e.g., a silica support, drying and 
calcining, followed by impregnation with the soluble heteropoly acid, 
drying and calcining. Such materials appear to be the result of an 
in situ reaction between the cesium salt and the acid on the support. 
Suitable cesium salts are any water soluble cesium salts such as 
cesium carbonate and cesium nitrate. Drying is conducted between 
about 90 and 150*C and calcining between about 200 and 35CTC. 

The invention is further directed to the use of the instant 
catalysts in ah aromatic alky Tat ion process. The aromatic starting 
material for aromatic alkylation can be benzene, phenol, toluene or a 
combination of the three. 01 efinic starting raat&Hals include olefins 
of Cz up to and including olefins having a molecular weight of 5000. 
For example, on the very low end, olefins such as ethylene or 
propylene would be suitable, polymeric olefins could be used as well. 
Generally, the heteropoly catalyst will be charged to provide at least 
about 0.001, preferably from 0.1 to 0.9, more preferably from 0.05 to 
0.4, moles of catalyst per mole of polymer alkylating agent charged to 
the alkylation reaction zone. Use of greater than 1 mole of the 
inorganic catalyst per mole of polymer alkylating agent is hot 
generally required. 

The temperature for alkylation can also vary widely, and 
will typicaily range from 20 to Z50'C, preferably from 30 to 200*C, 
more preferably from 100 to 180*C. 

For phenol alkylation with a polymeric olefin, the reaction 
temperature will also affect the ratio of para-substituted to 
ortho-substituted reaction product. Reaction temperatures about 130 # C 
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will favor nearly equal amounts (I.e., racemic) of ortho- and para- 
substituted alkylated aromatic, anywhere from about 40 to 60% by 
weight of one to 60 to 40* by weight of the other. Very little 
dlsubstltuted alkylated aromatic has been found at any of the temper- 
atures tested. Reaction temperatures below 130*C yield increasing 
proportions of para-substituted product. The actual temperature at 
,wh1ch the transition occurs depends upon the molecular weight of the 
alkylating agent. 

For industrial purposes a preferred temperature range is 
from about 150'C to about 250*C. At these temperatures, the polymer 
alkylating agent Is an easy to handle liquid, the reaction occurs 
rapidly, and the product mixture 1s approximately racemic. 

The alkylation reaction time : can vary and will generally be 
from 0.5 to 5 hours, although longer or shorter times can also be 
employed. The alkylation process can be practiced In a ... batchwlse, 
. continuous. t or '.semi continuous manner. 

The reaction may be carried out with or without a solvent. 
The solvents may be polar or non-polar with the proviso that they are 
not to be protlc. Non- polar solvents are preferred since solvents of 
high enough polarity, even If npn-prptlc, may cause partial or com- 
plete dissolution of the catalyst. Hence, preferred solvents include 
the aliphatic hydrocarbons, aromatic hydrocarbons, ethers, halogenated 
hydrocarbons, etc. ....... 

Preferred solvents are those sufficiently less volatile than 
water, under the reaction conditions utilized, so as to allow water to 
be driven out of the reaction mixture with minimal loss of solvent. 
Such solvents include the hydroxy aromatic reactants themselves as well 
as the dichlorobenzenes (ortho, meta, and para), heptane, decane, and 
the like. 

For mass production it is preferred that a continuous 
process be utilized. This involves continuously introducing reactants 
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and solvents into a reaction zone and continuously drawing off the 
products of the reaction. Hence, it is advantageous to use extrudates 
as is possible with the present invention. Although the unsupported 
NH4 and Cs acid salts are known in the art to work as catalysts, they 
could not be prepared as extrudates as the present acid salts and 
salts deposited in the interior of porous support extrudates can. 

Means for either retaining the catalyst in the reaction zone 
are preferred, otherwise means for separating the catalyst from the 
product effluent and recycling it back to the reaction zone are 
required. 

EXAMPLES 

Example 1. 8. l%(NH4)3- x H x PWi2O4/Si02 powder (Davison 62), wherein x 
is equal to or less than 0.5. 

Catalyst Preparation: autociave preparation of supported ammonium 
salt: 45.6 grams of ammonium raetatungstate (92.2%W03) was dissolved 
along with 2.0 grains of ammonium phosphate dibasic in 120 cc of water. 
The solution was placed in a 300 cc autoclave, stirred, and the 
temperature was raised to 150*C over a period of 5 hours and held at 
this temperature for 2.5 hours. After the autoclave was cooled, a 
clear solution weighing 160 gm was removed. 12.8 grams of this 
solution was taken and water was added to give a total volume of 50 
cc. This solution was impregnated to the point of incipient wetness 
onto a silica powder (Davison 62) precalcined at 600*C overnight and 
possessing a surface area of 270 m2/g. The sample was then dried at 
120'C and calcined at 300 # C for 3 hours. A second catalyst was 
prepared corresponding to 24.3%(NH4)3- x H x PWi2O40/SiO2 by impregnating 
40 grams of Davison 62 silica with 46.4 grams of the autoclave liquid 
to which water is added to give a total volume of 50 cc. This 
catalyst was also dried at 120*C overnight and calcined at 300*C for 
three hours. Figure 1 shows the X-ray diffraction spectra of the 
24.3% (NH4)3-xH x PWl2040/$iO2 catalysts compared to the parent 
12-tungstophosphoric acid and the conventionally prepared bulk 
(NH4)3- x H x PWi204o salt and shows that the impregnated autoclave 
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reaction product produces a supported ammonium salt on drying and 
calcination. 

Example 2. Silica supported cesium acid salt: 30% CS2.5H. 5^12040/ 
Si02 by sequential impregnation (Davison 62 silica powder). 
Catalyst Preparation: 40 grams of a Davison 62 powder silica meshed 
to 60/80 size and precalcined at 600*C overnight was selected. 2.16 
grams of cesium carbonate was dissolved in 55 cc H2O and this solution 
was impregnated to the point of Incipient wetness onto the silica 
powder. The sample was then dried at 120 # C, and calcined at 300*C for 
3 hours. A solution of 15.96 grams of H3PW12O40.6H2O which was 
prepared from a commercial supply (Allan Chemicals) by drying at 120*C 
was then dissolved in 55 cc of H2O and impregnated by Incipient 
wetness onto Cs- impregnated silica, dried overnight at 120*C and 
calcined at 300'C for three hours. To check that all the 12-tung- 
stophosphoric acid reacted to form the insoluble Cs-acid salt, the 
product was Immersed in a sufficient quantity of water to completely 
coyer it, stirred for several minutes and filtered. The filtrate was 
.^iuineSl ji«C (fried, 'but no solid crystallized from the solution, 
indicating that no soluble acid was still present on the silica. A 
similar sample of 40% loading was prepared analogously. Also, bulk 
(unsupported) CS2.5H.5PW12O40 was prepared as described in the prior 
art by adding a cesium carbonate solution to a solution of the 
12-tungstophosphoric acid and forming a fine water-Insoluble precipi- 
tate. Figure d shows the X-ray diffraction spectra of the convention- 
al bulk Cs-acid salt and the 40% Cs-acid salt supported on silica. 
From these spectra.it is clear that this technique produces the 
cesium acid salt supported on the silica powder. 

Example 3. 40% Cs2.5H.sPWl2040/Si02 by sequential impregnation (1/16" 
diameter silica extrudates 260m2/g. 

Catalyst Preparation: 40 grams of 1/16" silica extrudates measuring 
between 1/8 and 3/8" long were precalcined at 600'C overnight. The 
silica had a surface area of 260m2/g. 3.39 grams of cesium carbonate 
was dissolved in 44 cc H2O and this solution was impregnated to the 
point of incipient wetness. The sample was then dried at 120*C, and 



WO 95/13869 



- 12 - 



PCT/US94/13326 



calcined at 300*C for 3 hours. A solution of 24.9 grams of 
H3PW12O40.6H2O, which was prepared from a commercial supply (Allan 
Chemicals) by drying at 120*C was then dissolved in 44 cc of H2O and 
impregnated by incipient wetness onto the Cs- impregnated extrudate, 
dried overnight at 120*C and calcined at 300*C for three hours. The 
X-ray diffraction spectra of the ground extrudate looked similar to 
the one described in example two for the powder silica catalyst 
confirming that the Cs-acid salt was formed supported on the 
extrudate. 

Back-scattered electron images (see Figure 3) of extrudates that had 
been snapped perpendicular to their. longitudinal axis were collected 
and showed that typically the Cs-acid salt was located in an internal 
ring in an eggwhite configuration with more than 50% of the acid salt 
being present in the ring. The typical ring diameter was on the order 
of 10 microns. Therefore it is seen that, the acid-salt had been 
successfully deposited into the interior of the large silica particle. 

Example 4. A series of strong acid catalysts 5 >iefe compared with the 
cesium add salt of 12-tungstophosphoric acid for the alkylatlon of 
mesitylene with cyclohexene. 0.5 gm of catalyst freshly calcined at 
the temperatures indicated to remove adsorbed water were loaded with 
150cc of tri methyl benzene into a 250cc autoclave, pressurized to 15 
psi N2 and heated to lOO'C while stirring at 600 rpm. When the 
temperature equilibrates at 100'C, the stirring is stopped, the 
autoclave depress uri zed, and 8cc of cyclohexene are injected by 
syringe into the autoclave. Mixing is resumed and the autoclave 
repressurized to 15 ps1. Samples are periodically withdrawn at 1, 15, 
30, 45, 60, 90, and 120 minute intervals. The one minute sample is 
used to calculate feed composition. All samples are analyzed by gc. 
Table 1 shows the conversions measured after two hours of reaction. 
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TABLE 


1 




Catalyst 


Wt. 
Catalyst 


Calcination 
Temperature 


% Cyclohexene 
Conversion (2 hr) 


(75wt%S102;25X AI2O3) 




<*nn 


ft 0 


H-morden1te 


0.5 


450 


1.2 


bulk 12- 

tungstophosphoric acid 
H3PW12O40 6H2O (HPW) 


0.5 ; 


120 ,. , 


1.1 


bulk ammonium. acid-salt . . 0.5 
of 12-tungstophosphoric 

ac1d y (Ny 4 )3-xHxPHl2040 


300. , 


28- 


Zr02/S04 


0.5 


5/5 


1.2 


24%HPW/S102 


2.06 equivalent 
to (0.5 gm HPW) 


300 


98 


CS25H5PH12O40 


. 0.5 


300 


90 


(bulk) 









Tables 1 and 2 show that both the Cs-ac1d salt and 
12-tungstophosphoric acid supported on silica were the most active 
catalysts for mesltylene alkylation. For alkylation reactions that 
contain a polar reactant such as phenol, the Cs acid salt is the 
preferred catalyst because of Its lower solubility. 
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Example 5. Four catalysts were compared for the alkylation of 
mesitylene with cyclohexene. All catalysts were calcined at 300*C 
prior to use. Catalyst C and D are the subject of this invention and 
described in Example 3. The reaction was carried out as described in 
Example 4. 



TABLE 2 





Catalyst 


Wt. Catalyst 
(grams) 


% Cyclohexene 
Conversion (2 Hr) 


A 


24%HPW/Si02 


2.06 (equivalent to 
0.5 gm HPW) 


98 


B 


CS2.5H.5PW12O40 (bulk) 


0.5 


90 


C 


4WCS2.5H.5PW12O40/, 
Si02 powder 
(270 m2/g); 
B0.lr0.2mn particle 
size 


1.25 .(equivalent to 
, 0.5gm 
CS2.5H.5PW12O40) 


91 


D 


40%Cs 2 .5H.5PWi2040/ 
SiQ2 extrudates (12/16" 

diameter; 280 m 2 /g 


1.25 (equivalent to 
0.5gm 
CsH2.5H.5PMl2040) 


38 



Table 2 shows that the supported cesium acid salt made by the 
technique described herein is effective in mesityiene alkylation- The 
Cs-acid salt on the silica powder has the same activity as the bulk Cs 
acid salt per gram of acid salt. The activity of the extrudate is 
slightly loWer due to diffusional restrictions of the reactants 
entering into the large particle extrudate. 

Example 6. 9 grams of the catalyst of Example 1 consisting of 24% 
(NH4)3- x H x PWi204G/$i02 was mixed with 72 gm dichlorobenzene and 28 gm 
of phenol. The mixture was heated to 170*C and held for 5 hours at 
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which time the liquid was extracted and tested for tungsten content. 
5.4 gm of a comparative sample of 12.2% HPW/Si02 was mixed with 14.2 
gm phenol and 39.2 gm of dichiorobenzene and heated under similar 
conditions and analyzed. The results are shown below: 

Catalyst . Solubility in phenol/DCB at 170'C 

12% HPW/S102 3100ppm 
24% (NH4)3- x H x PWi2040 194pm 

Consequently the supported ammonium phosphotungstate salt is appreci- 
ably less soluble than the supported acid. Similar results are found 
with the supported Cs- acid salt. 

Example 7 

Reaction test: 50 grams of an ethyl ene-butene copolymer containing 
about 46.9%' ethylene with a vinyl i dene double bond content of 47% and 
an average molecular weight of 3670 were mixed with 28 grams of 
phenol, 25 grams of o-dichlorobenzene as solvent, and 25 grams of the 
8 wt% (MH4)3-xH x PWi2O40/S1O2 (Davison 62) -catalyst described above. 
The reactants and catalyst were charged Into a four necked round 
bottomed flask equipped with an air stirrer, thermometer, condenser 
and nitrogen blanket and the reaction was carried out at 175*C for a 
total time of 6 hours. After two hours a sample was withdrawn, 
filtered and stripped and analyzed for 58.1% alkylated phenol and 
after six hours the sample showed 68.6% conversion to alkylated 
phenol . 

Example 8. Same catalyst as Example 3. 

17583-130: 40 grams of the polymer of Example 7 were charged into a 
reaction flask and mixed with 23 grams . of phenol and 50 grams of the 
Example 3 catalyst (freshly calcined at 300*C, lh)- no solvent was 
added. The reaction mixture was then heated to 175*C for 6 hours 
under mixing. The samples analyzed for: 64.3% conversion to alkylate 
at 2 hours and 71.8 at 6 hours. 
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Example 9 

Reaction Test: 50 grams of an ethyl ene-butene copolymer containing 
about 46.9% ethylene, 39% vinyl i dene double bonds and an average 
molecular weight of 3670 were mixed with 15 grams of phenol, 25 grams 
of n-decane as solvent and 34 grams of the 30% Cs 2 . 5 H.5PWl2040/Si0 2 
catalyst of Example 2. The reaction mixture was then heated to 150'C 
while stirring under a nitrogen blanket for a period of 6 hours. The 
two hour sample analyzed for 64.9% alkylated phenol and the six hours 
sample showed 75.8% conversion to the alkylate. 
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CLAIMS: 



1. A catalyst composition comprising a heteropoly compound 
selected from the group consisting of heteropoly salts and heteropolyacld 
salts deposited in the interior of a porous support selected from the 
group consisting of silica, zirconia and titania, wherein said salt of 
said heteropoly salt and said heteropolyacid salt is selected from the 
group consisting of ammonium, cesium, potassium, and rubidium salts and 
mixtures thereof, and wherein said, heteropoly salt and said 
heteropolyacid salt are formed with a heteropolyacid selected from the 
group consisting of 12-tungstophosphoric, 12-tungstosilidc, 
12-molybdophosphoric, and 12-molybdoslHclc acid. 

2. A catalyst composition according to claim 1 wherein said 
heteropoly compound is the ammonium salt or acid-salt of 
12-tungstophosphoric acid and said support is silica. 

3. A catalyst composition according to claim 1 wherein said 
heteropoly compound Is the cesium acid salt of 12-tungstophosphoric acid 
and said support 1s silica. 

4. A catalyst composition according to claim 1 wherein said 
heteropoly compound is present in an amount of about 2 to about 60 wt%. 

5. The catalyst composition of claim 1 wherein the support 
material has a size In the range from 0.1mm powders to 1/8" x 1/2" 
extrudates, and 1 to 3mm diameter spheres. 

6. The catalyst composition of claim 5 wherein the support 1s 
silica extrudate. 

7. The catalytic composition of claim 1 wherein when the add 
salt is cesium and the support is a porous silica particle the cesium 
acid salt is distributed in an egg white distribution in the interior of 
the particle. 
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8. A method of preparing a catalyst composition comprising the 

steps of: 

(a) impregnating a soluble precursor, into a support selected 
from the group consisting of silica, titania, and zirconia, wherein said 
soluble precursor is selected from the group consisting of a 
heteropolyacid, the 10O-250*C hydrothennal reaction product of ammonium 
metatungstate with ammonium phosphate dibasic, the 150'C hydrothermal 
reaction product of ammonium molybdate with ammonium phosphate dibasic, a 
solution of a mixture of urea and a heteropolyacid, a water soluble 
cesium salt, a water soluble Rb salt, and a water soluble K salt, wherein 
said heteropolyadds are selected from the group consisting of 
12-tungstophosphoric acid, 12-tungstosilicic acid, . 12-molybdophosphoric 
acid and l2-molybdos1l1c1c add; 

(b) drying said silica support having said soluble precursor 
impregnated therein at about 90 to about 130 *C; 

(c) thermally treating said dried support at about 200 to about 
350*C wherein when said soluble precursor 1s a heteropolyacid, a source 
of ammonia gas Is passed over the dried support at a temperature of about 
100-150*C followed by thermal treatment; 

(d) impregnating said thermally treated support with a 
heteropolyacid when said soluble precursor selected from the group 
consisting of a water soluble cesium, rubidium and potassium salt 
followed by drying at about 90 to about 150*C and calcination at about 
200 to about 350 # C and wherein said heteropolyacid is selected from the 
group of heteropolyadds of step (a) thereby resulting in the deposition 
of the heteropoly salt or heteropoly acid salt in the interior of the 
porous support. 

9. An aromatic alkylation process comprising contacting at 
aromatic alkylation conditions a catalyst composition comprising a 
heteropoly compound selected from the group consisting of heteropoly 
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salts and heteropolyadd salts deposited in the interior of a porous 
support selected from the group consisting of silica, titania, and 
zirconia, wherein said salt of said heteropoly salt and said 
heteropolyacid salt is selected from the group consisting of ammonium, 
cesium, potassium, and rubidium salts and mixtures thereof, and wherein 
said heteropoly salt and said heteropolyacid salt are formed with a 
heteropolyadd selected from the group consisting of 
12-tungstophosphoHc, l2-tungstosH1c1c, l2Tmo1ybdophosphor1c, and 
12-molybdoslHdc acid with < a feed comprising an aromatic compound 
selected from the group consisting of benzene, toluene, and phenol with 
an olefin selected from the group consisting of C2 to olefins having a 
molecular weight up to 5000 inclusive. 



WO 95/13869 



PCT/US94/13326 



1/4" 




i ' o ■ 

A1ISN21NI 3AI1V13U 

o 

•vim**"** 



WO 95713869 



PCT/US94/13326 




SUBSTITUTE SHEET (RULE 28) 



WO 95/13869 



PCT/USM/J3326 



3/4 



F I G. 3A 




F I G. 3B 





SUBSTITUTE SHEET (RULE 26) 



WO 95/13869 



PCI7CS94/13326 




F I G. 3D 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inlc. national application No. 
PCT/US94/ 13326 



A- CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :B01J 27/19. 27/14. 21/16. 23/04. 23/28: C07C 2/64 

US CL :502/21 1. 214. 243. 248. 305. 321; 585/446. 467 " 
According to International Patent Clarification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (clarification system followed by classification symbols) 
U.S. : 502/211. 214. 243.248.305.321:585/446.467 



DocumenUtion searched other than minimum documentation to the extent that such documents are included in the fields 



searched 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
Please See Extra Sheet. 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category*[ ciutioB °* document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 

Y,P 



US, A, 5,254.766 (Fujita et al) 19 October 1993, see col. 3. 
lines 15-62, col. 4, lines 50-53, claim 9, example 3. 

US, A, 5.189,201 (Sano et al) 23 February 1993. see col. 1, 
lines 40-65, col. 2 lines 50-62, 'col. 4, lines 10-31, col. 4, 
line 50. 

US,A, 5,324,881 (Kresge et al) 28 June 1994, see col. 18. 
lines 20-29, col. 9, lines 47-58, example 1. 



1-7,9 

1-7 

8 

8 



□ 

Further docuinenu are listed in the continuation of Box C. | | See patent family annex. 



Special categories of cited document* 

docusmdcTamt <hc faml Mate of uW an wWch ■ .^considered 
lo be of particular relevance 



tr 
•o* 



published on or after the atternational filug dale " X " 

donr mffnt which any throw doubt* oa priority cbanfa) or which ta 
etied to establish the rwihiintion dele of another citation or other 
apodal ream (at ipecafted) *Y* 

referring to an oral disdoaure. ose. —^a^rm or 



bucr document pubtivhod after the intenmuonat filial dale or priority 
date and oot in cooflic* with (he ar^atx» bu ckol lo u^e«^ ihe 
principle or theory undcrrjrinff (he invention 

docuneofc of particular rckvajice; the claimed invention cannot be 
considered novel or cannot be considered lo involve an inventive step 
when (he doe mmeju ia taken alone 



doewnem of particular relevance; the cbaned 

to involve an inventive step when (he doc 



docweot poblithed prior lo ta«ioteraatiorialfaint <h^ but k^tbM 
Apriority date cfckncd 



to a penoo skilled m the art 
of the same patent family 



Date of the actual completion of the intranational search 
18 JANUARY 1995 



Date of mailing of the intemaiiona! search report 



08 MAR 1995 




Name and mailing address of the ISA/US 
CofUfnusaooer of Patents and Trademarks 



Box per 

WMhinftoo, D C. 20231 
Facsimile No. (703) 305-3230 



Telephone No. O03) 308-3586 



Form PCT/IS A/210 (second shcetMJuly 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US94/I3326 



B. FIELDS SEARCHED 

Electronic data bases consulted (Nunc of data base and where practicable terms used): 
APS 

Search terms: hcteropoly (anion! acid, salt), tungslophosphoric. tungstosUictc, molybdophosphoric, molyhdosilicic 



Form PCT/1SA/210 (extra sbcctXJuJy 1992)* 



BEST AVAILABLE COPY 



